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SYNOPSIS
The thesis entitled “Chiral Recognition and Mechanistic study of Gas phase Anions using Electrospray Ionization Mass Spectrometry & Development of New Matrices for Matrix-Assisted Laser Desorption/Ionization” is organized into five chapters.  
Chapter I comprises three parts.
Part 1 provides general introduction to chiral recognition by mass spectrometry. 
Part 2 contains chiral discrimination and determination of optical purity of some -amino acids using DNA triplet GCA as a chiral selector by Electrospray Ionization (ESI) Mass Spectrometry.
Part 3 contains chiral discrimination of α-amino acids by the DNA triplet GCA using amino acid as co-selector by ESI mass spectrometry.
Chapter II deals with the dissociation of gas-phase dimeric complexes of lactic acid and transition metal ions formed under ESI conditions. 
Chapter III consists of three parts.
Part 1 deals with the negative ion ESI mass spectral study of dicarboxylic acids in the presence of halide ions.
Part 2 deals with the negative ion ESI mass spectral study of diols in the presence of halide ions.
Part 3 deals with the generation of alkoxide anions from a series of aliphatic diols and alcohols and their ion-molecule reactions with CO2 in the gas phase.
Chapter IV deals with the estimation of gas phase acidities of a series of dicarboxylic acids by the kinetic method. 
Chapter V deals with the development of new matrices for Matrix-Assisted Laser Desorption/Ionization.



CHAPTER I
Part 1: General introduction to chiral recognition by mass spectrometry
	Chiral recognition is one of the most general and fundamental processes in biological systems. A number of approaches have been used for the chiral recognition of organic compounds, which include polarimetry, circular dichroism, capillary electrophoresis, nuclear magnetic resonance, use of chiral reagents in chromatography, etc.  Although mass spectrometry was originally thought of as a chirally blind technique, now it represents as a powerful analytical tool for differentiating enantiomeric compounds through their interactions with chiral reference molecules. Especially, electrospray ionization (ESI) mass spectrometry is playing a key role in the elucidation of stereochemistry of biological molecules.  Significant progress has been made during the past few years on mass spectrometry based chiral recognition and quantification. The mass spectrometry based chiral recognition experiments are mainly i) measurement of relative abundance of diastereomeric adduct ions formed between analyte of interest and a chiral reference, ii) based on ion-molecule reactions; diastereomeric adducts (Host-Guest adducts) allowed to exchange the chiral analyte with a chiral or an achiral molecule, wherein chiral discrimination is possible as the rates of exchange depend on the chirality of guest, and iii) dissociation of diastereomeric adducts formed between an analyte and a chiral reference that result in distinct spectra (the Kinetic method).   Chiral recognition studies using mass spectrometry have been reviewed in this part.
Part 2: Chiral discrimination and determination of optical purity of some -amino acids using DNA triplet GCA as a chiral selector by Electrospray Ionization Mass Spectrometry
	The DNA trinucleotides are used as the chiral selectors to discriminate D- and L- amino acids, and this study was initiated with a set of DNA triplets viz. AAA, AAG, AGA, AGG, ACA, ACG, CCA, CGA, CCG, GCA, GCC, CGC, CCC, CGG and GCG as chiral selectors and a few amino acids from each class, viz., non-polar (alanine, proline, phenylalanine, and tryptophan) polar (asparagine and tyrosine), acidic (aspartic acid and glutamic acid), and basic (lysine) amino acids as analytes. The negative electrospray ionization (ESI) mass spectra of trinucleotides comprise dominant [M-H]- and [M-2H]2- ions.  The spectra of a mixture of amino acid (X) and trinucleotide (Y) also show [M-H]- and [M-2H]2- ions of the trinucleotide, however, they also include the [X+Y-H]- ion in considerable abundance. After investigation of 13C isotopic mass difference and isotopic pattern, the [X+Y-H]- ion is found to be a combination of two ions in which [2X+2Y-2H]2- is predominant (70-80%) over the [X+Y-H]-.  The collision induced dissociation (CID) spectra obtained for the adduct ion, [2X+2Y-2H]2- resulted in two fragment ions (loss of one and two amino acids) and the spectra are distinct for D and L isomers when GCA is used as a selector. No such differences were observed with any other DNA triplets studied. Since there is no control over the extent of contribution of [X+Y-H]- ion in [2X+2Y-2H]2-, the product ion spectra of the latter ion may not be highly suitable for chiral discrimination. Therefore, the [2X+2Y-3H+Na]2- was generated in the pure form by the replacement of a proton in the [2X+2Y-2H]2- ion with a sodium ion and selected for further CID experiments. The CID spectra of [2X+2Y-3H+Na]2- ions (a), formed from all the combinations, provide two doubly charged fragment ions, b and c corresponding to the loss of one and two amino acid units from the precursor ion, respectively. The CID spectra are distinct for D- and L-isomers only when GCA triplet is used as a selector, whereas in the case of other triplets the CID spectra are essentially same.   	Chiral recognition ratio (CR) method was used to measure the discrimination efficacy of the chiral selector, for which the abundance ratio of a/b and a/c were used and given in Table 1.   
Table 1. Calclulated CR values from CID spectra of [2X+2Y-3H+Na]2-.

Amino acid	CR value
	(a/b)D/(a/b)​L	(a/c)D/(a/c)​L
Tryptophan	6.4	5.6
phenylalanine	3.6	5.4
Glutamic acid	4.9	4.2
Aspartic acid	2.8	2.5
Asparagine	3.7	5
Tyrosine	2.5	2.1
Proline	1.2	1.5
Alanine	1.1	1.5
                                         a = [2X+2Y-3H+Na]2-, b = [a-X], c = [a-2X]

	The results showed that the GCA is selective in binding with the D-isomer than the L-isomer, irrespective of the amino acid used.  Amino acids with aromatic and acidic groups in the side chain displayed the largest chiral distinction.   The method presented here provides not only the discrimination of one isomer from the other, but also applicable for the measurement of enantiomeric excess.
Part 3: Chiral discrimination of α-amino acids by the DNA triplet GCA using amino acid as co-selector by Electrospray Ionization Mass Spectrometry
	Chiral discrimination of amino acids using DNA triplet GCA as a chiral selector and amino acid as a co-selector is described.  Dissociation of [XA+XR+2Y-2H]2- ion (where XA= analyte amino acid, XR = reference amino acid and Y= GCA) was studied for the discrimination. The CID spectra of [XA+XR+2Y-2H]2- ion (a)  for various combinations of amino acids resulted in three fragment ions corresponding to the loss of reference amino acid (b), analyte amino acid (c) and both the amino acids (c). The abundances of ions b and c were considered to measure the Rchiral values (the kinetic method). The calculated Rchiral values    showed a great degree of chiral discrimination for enantiomeric amino acids; in fact improved discrimination was observed when amino acid was used as co-selector. The GCA showed selective binding towards D-amino acid (except Tyr and Lys) irrespective of the reference and its chirality, whereas   L-amino acid selectivity was observed for Tyr and Lys amino acids.  On the other hand, the formation of [XA+XR+2Y-2H]2- ion is poor for aliphatic amino acids, Met and Cys using any amino acid as co-selector and could not be discriminated. Further, this method could be successfully used for the measurement of enantiomeric excess when the two isomers are present in a mixture. 

CHAPTER II: Dissociation of gas-phase dimeric complexes of lactic acid and transition metal ions formed under electrospray ionization conditions 
	The gas phase chemistry of transition metal ions with organic and bioorganic ligands has been received more attention during the last two decades because of the fundamental interest in metal ion chemistry. As part of our ongoing research on chiral discrimination, it was planned to discriminate the lactic acid enantiomers by forming the trimeric metal complex formation using late transition metal ions (Co2+, Ni2+, Cu2+ and Zn2+).  Unfortunately, the formation of trimeric metal complex of lactic acid enantiomers with the studied metal ions is negligible in the spectra; instead the spectra comprise lactic acid dimeric complex ions with all the metal ions studied. With a view to differentiating the enantiomeric lactic acids, the CID spectra of the homo dimeric metal complex ions of individual enantiomers were studied and the spectra were essentially same.  Hence, dissociation of [M (A-H) A]+ ions was studied to understand the nature of the complexes, and the effect of metal ion in fragmentation of these complexes.
	The CID spectra of [M (A-H) A]+ ions showed similar type of fragment ions where M = Ni, Co, and Zn. The major fragmentation reactions observed during the dissociation of [M (A-H) A]+ ion are elimination of H2O, HCOOH and neutral lactic acid (A) and also the minor ions formed by the further fragmentation of these ions. The elimination of neutrals, i.e., H2O, HCOOH and lactic acid (A) is suggesting the involvement of neutral ligand in the fragmentation process. The CID spectrum of copper bound dimeric complex ion of lactic acid, [Cu (A-H) A]+ shows the loss of CO2 and the loss of lactate radical (A-H) as major fragmentation.  In addition, it shows the loss 45 u corresponds to the loss of .COOH radical which is absent in the case of other metals. Such behavior of copper may be due to its ability to reduce from Cu2+ to Cu+, which is more stable with its d10 electronic configuration. In order to understand the specific fragmentation when the lactic acid is bound to metal atom through hydroxyl oxygen, the study was extended for dimeric complexation of methyl and ethyl esters of lactic acid with metal ions. The CID spectra of dimeric complex ions from methyl and ethyl lactates, showed similar type of ions and the distinct dissociation pathway for copper is also reflected in lactic acid esters as found with lactic acid.    
CHAPTER III
Part 1: Negative ion electrospray ionization mass spectral study of dicarboxylic acids in the presence of halide ions
Attachment of small inorganic anions to neutral molecules is an important ionization mechanism under negative ion conditions. Halide ion attachment under negative ion ESI conditions was studied using a series of dicarboxylic acids and some pairs of isomeric carboxylic acids (Scheme1) as analytes (M) in the presence of halide ions (F-, Cl- , Br- and I-).  The study showed that the halide ions are selective in [M+X]- adduct ion formation with the analytes used.  The [M-H]- ion is formed dominantly when it is stabilized by intramolecular hydrogen bonding through a stable cyclic structure, otherwise formation of abundant [M+X]- ion is facile.  The ESI spectra of isomeric compounds are easily distinguishable.  Comparison of the present results with those reported for the same compounds under negative ion chemical ionization conditions clearly shows that the reactivity of halide ions depends on the ionization method used.  Based on the CID experiments on [M+X]- ions, the gas-phase basicities of [M-H]- ions of studied analytes are found to fall between those of Cl- and I-.




























Part 2: Negative ion ESI mass spectral study of diols in the presence of halide ions
	Halide ion attachment under negative ion ESI conditions was studied using a series of diols (M) viz. HO-(CH2)n-OH, n = 2-10, in the presence of halide ions (X- = F-, Cl-, Br- and I-).  The study showed that the diols are not amenable for negative ESI analysis unless a suitable additive is added. Halide ions are selective in [M+X]- adduct ion formation with the diols used.  The ESI source spectra is dominated by the [M+X]- ions and the [M-H]- ion of diols is absent in the spectra with each halide ion. Though the halides (except fluoride) are not useful in the formation [M-H]- ions, these are useful for the detection of diols and similar class of compounds in the form of [M+X]- ions. However, with fluoride, at higher cone voltages the [M-H]- ions of diols are seen in the spectra.  Comparison of the results of diols with those of dicarboxylic acids clearly demonstrated that the reactivity of halide ions depends on the gas phase basicity of [M-H]- of analytes. Based on the CID experiments on [M+X]- ions, the gas-phase basicities of [M-H]- ions of studied diols are found to fall between those of F- and Cl-.  The precursor/product ratios obtained from the CID experiments on [M+X]- ions (X= F and Cl) revealed that, for all the diols studied, the [M+F]- adduct ions are more stable than that of [M+Cl]-  and Gas phase basicities of [M-H]- of diols are close to that of fluoride ion.


Part 3: Reaction of aliphatic alkoxides with carbon dioxide in the gas phase to yield carbonates in the collision cell of mass spectrometer
	A series of aliphatic diols (HO-(CH2)n-OH, n = 2-10) are studied under negative ion electrospray ionization conditions.  In general, diols are not amenable to ESI analysis unless a suitable additive is added either in positive or negative ion modes.  In negative ion mode, the diols result in abundant [M+X]- ions in the presence of halide (X = F, Cl, Br, I) anions. The [M-H]- of diols can only be produced when fluoride is used as an additive.  The relative abundance of the [M-H-2H]- ion observed in the CID spectra of [M-H]- ions from all the diols reflects the effect of chain length in the stability of [M-H]- ion through cyclic structures.  The ion-molecule reactions with CO2 in the collision cell proved alkoxide ions from diols and aliphatic alcohols are reacting with CO2 to produce the corresponding carbonates.  The carbonate formation by the reaction of aliphatic alkoxide ions with CO2 is confirmed by the similar experiments on other model compounds. The [M-H]- ions from lower homologues are stabilized through cyclic structures and thus less reactive with CO2.  As the chain length increases, the stability of cyclic alkoxide ions decreases and, hence, the reactivity increases.
CHAPTER IV: Estimation of gas phase acidities of a series of dicarboxylic acids by the kinetic method. 
	The kinetic method developed by Cooks has been successfully applied to a wide range of systems for the determination of various thermochemical properties such as proton affinity, gas phase acidity etc. The determination of the GA of an unknown compound by the kinetic method starts with the formation of proton-bound dimeric anions, [A-H+B-]-, where A- and B- are the unknown and reference anions, respectively. Proton-bound hetero-dimeric anions of a dicarboxylic acid and a suitable reference compounds were easily generated under electrospray ionization conditions, and dissociated appropriately in the collision cell.  The relative abundances of the two monomeric product anions were used to measure the GA values of a series of dicarboxylic acids by the kinetic method.  A change (0.1- 0.7 kcal/mol) in the GA values was observed upon increasing the collision energy, which reflects the role of entropy factors in the measurement.   Hence, the free energy term (Gacid) was obtained by combining Hacid and Sacid values obtained by applying the extended kinetic method. The trends in GA values obtained for the dicarboxylic acids could imply cyclization of the structures via intramolecular hydrogen bonding
CHAPTER V: Evaluation of Methyl 3-(4-methoxy-1-naphthyl)-(E)-2-propenoate and Methyl 5-(4-methoxy-1-naphthyl)-(2E, 4E)-2,4-pentadienoate as new charge transfer matrices for Matrix-Assisted Laser Desorption/ Ionization Mass Spectrometry
Matrix assisted laser desorption/ ionization (MALDI) has been widely applied ever since its introduction, in a variety of analytical chemistry fields. The matrix plays a crucial role in desorbing and ionizing the analyte through gas phase ion molecule reactions between analyte and matrix. The limiting step of the MALDI procedure is the sample preparation and the choice of matrix. Different sets of matrices have been exploited to specifically deal with different class of analytes; in these cases the analytes participate in proton transfer/ cation transfer reactions for ionization. As a reflection of various mechanisms involved in the MALDI process, very few compounds are used as matrices for broad ranges of analyte classes. Improvements in the detection of intact ionized molecules have been observed when charge transfer (non-polar) matrices were used.
We explored two 4-methoxy naphthalene derivatives, namely methyl 3-(4-methoxy-1-napthyl)-(E)-2-propenoate (MMNP) and methyl 5-(4-methoxy-1-napthyl)-(2E, 4E)-2,4-pentadienoate (MMNPD)  (Scheme 2), in which the extended conjugation enhances their UV characteristics, as charge transfer matrices for the analysis of metallo porphyrin-calixarene complexes and other low molecular weight metal complexes and compared with the reported charge transfer matrix terthiophene.






These two matrices operate as efficient charge transfer matrices, yielding intact molecular radical cations in the analysis of porphyrins and their metal complexes, with good sensitivity comparable to that generated with terthiophene as matrix. Further, these two matrices can also be used for the analysis of the low molecular weight metal complexes, and also for ionic complexes. However, MMNP and terthiophene required relatively more laser energy (10-15%) than MMNPD to yield comparable spectra and sensitivity.
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